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SUMMARY 

This  paper p re sen t s  t he  first 

by A.R. Abbasov, 
A. S. Grebinskiy, 
M. S. Durasova, 

L. V. Yasnov 
.a,............ 

21 004 
r e s u l t s  of radioastronomical  

observa t ions  of the  solar ec l ip se  of 2 1  J u l y  1963 i n  the  cent imeter  
band. It is found, t h a t  t h e  Sun’s radiodiameter,  determined by t he  con- 
t a c t s  I1 and I11 in t h e  2 t o  10cm wavelength range is l i t t l e  dependent 
on wavelength, The spectrum of the r a d i o  emission source s i t u a t e d  above 
a smal l  group of sunspots  had a maximum i n  the  3.2 - 10cm region. 

Comparison is  made with measurements of the  same source with the  a i d  
of rad io te lescopes  of high r e so lu t ion  c a r r i e d  ou t  i n  USSR, Japan and USA, 
corrobora t ing  the above f indings.  

* * *  

The radioastronomical  observat ions under cons idera t ion  were 

c a r r i e d  out  by a complex expedition of t he  Astronomical Observatory and 

o f  t he  Chair of a’&trophysics of the Leningrad Universi ty ,  alongside with 
t h e  Radiophysical I n s t i t u t e  c ? t  Gor’kiy Univers i ty  and the  Far-Eastern 

Uni vers j - ty ,  the  Nain ks t rononica l  Observatory and the  Astrophysical 
Observatory of Shemakhinskaya. The expedi t ion’s  oSservat ion area w a s  
s i t u a t e d  on t h e  Simushir Island a t  a d i s t ance  of 19 f 1 k m  from the  cen- 

t r a l  l i n e  of e c l i p s e  a t  the z l t i t u d e  of 5121 meters above sea l e v e l .  

* RADIO&STRONOMICHESKIYE N33LYUDENIYA SOLNZCHNOGO ZATMENIYA 21 IYULYA 1963 G 
V S!JlTINETROVON DIAPAZONS VOLNo 



Observations of the  moments of time I1 and I11 of lunar  and 

s o l a r  d i s k  contac ts  with t h e  view of f ind ing  the  reg ion  of r a p i d  varia- 
t i o n  of s o l a r  atmosphere c h a r a c t e r i s t i c s  were amongst t he  problems of 
the expedi t ion,  and so were the measurements of r e s i d u a l  r a d i a t i o n  fluxes 
a t  m a x i m u m  covering of t he  Sun. The determination of c h a r a c t e r i s t i c s  of 
t he  r a d i o  emission sources  t h a t  might be loca ted  on the  Sun at time of 
observat ions c o n s t i t u t e s  a n  add i t iona l  problem. 

Alongside w i t h  astronomical observation measurements of E a r t h ' s  

atrnosphere n a t u r z l  r a d i a t i o n ,  necessary f o r  accounting the  absorpt ion 
were a l s o  conducted; t h i s  is e s s e n t i a l  a t  soa l l  angles  above the  horizon,  
at which the Sun was found during ec l ipse .  

contac t  P, deg. H, des j i n  Table 1. 
The minimum dis tance  between the  

c e n t e r s  of  the d i sks  w a s  7 angulsr  seconds. 

The solcar a c t i v i t y  was cha rac t e r i zed  I I 301 - 0.16 
I1 119 -8 

120 -17 Iv I I1 I 299 

ECLIPSE CONDITIONS 

The r a t i o  of Moon's and Sun's v i s i b l e  r a d i i  w a s  



A P P A R A T U S  

During t h e  time of observat ions the  r e g i s t r a t i o n  of Sun's 

r a d i o  emission f lux took p lace  i n  the  fol lowing wavelengths : 2cm, 3.2 cm, 

4.5cm, 10 cm. The c h a r a c t e r i s t i c s  of t h e  rad io te lescopes  u t i l i z e d  a r e  

compiled i n  Table 2 h e r e a f t e r :  

T A B L E  2 

1 2.G 3,O 1 I,() 1 1 8  20 1100 
2 3,2 1.2 2,0 1 .o 6 390 
1 4,s 3,o 1 1,o G 1850 
3 10,o 1 1,5 I 3,O 8 550 

N.B.-D i s  the diameter of the  paraboloid; 2 8 i s  the  width of 
the  main antenna lobe by llhalf-powerll l e v e l ;  r is the  time cons tan t ;  

AT is the  f l u c t u a t i o n  path of the r e g i s t r a t i o n  between the  d e f l e c t i o n  
m a x i m a ;  T m  is the e f f e c t i v e  antenna temperature a t  rad io te lescope  guiding 

toward the open Sun (upon taking account of atmosnhere ' e f f ec t ) .  
The c a l i b r a t i o n  of the  rad io te lescopes  was made by comparing the 

emissions of cold and hot absorbers,  and a l s o  by way of comparison of 
cold absorber ' s  emission with the space i n  the d i r e c t i o n  of zeni th .  

Inf luence of t he  Ea r th ' s  Atmosphere on the  Resu l t s  
of Observations 

The small  Sun's height  above the  horizon dur ing  observat ion time 
conditioned the  s t r o n g  r e f r a c t i o n ,  absorpt ion and n a t u r a l  emission of ter- 
r e s t r i a l  atmosphere e f f e c t s  on the  r e s u l t s  of observation. 

The r e f r a c t i o n  w a s  determined by the m e a n  data f o r  a s tandard  
atmosphere. 

In order  t o  take i n t o  account the  absorpt ion,  s p e c i a l  meaeurements 
of Lar th ' s  atmosphere n a t u r a l  emission were conducted d i r e c t l y  p r i o r  t o  
t he  beginning of e c l i p s e  observation and immediately a f t ' e r  the  end at 
he igh t s  of 0 ;  2; 4; 6; 8; 10; 12  and 15'. 

The temperatures of atmosphere emission, obtained i n  both cases  

a t  all i nd ica t ed  angles,  p r a c t i c a l l y  coincided. The u t i l i z a t i o n  of these 



4. 

da ta  allowed the  determination of the  absorpt ion c o e f f i c i e n t  of Sun's 
r ad io  emission flux y(H) f o r  "ny a n y l e  of t h e  :;pot by the formula 

where T, is the .?-zten:%.:: "temperature"; To is the  temperature of the  air 

a t  the  ground E21 
thus determined f o r  the time of e c l i p s e ' s  t o t a l  phase ( H = 8') and var ious  

wavelengths, a r e  compiled i n  Table 3 h e r e a f t e r  : 

(:.it time of observation To = 280OK). The va lues  of r (H) 

T A B L E  3 

b.  C.If i 3.? 1 4,s I 10.0 

I i I 

The above-cnrf;;lilcd. cze rficie,* ' ;s  r ( C , )  

?&en comparing the r e g i s t r a t i o n  of t h a t  f l u x  in 

wer--- subseqaent ly  u t i l i o e d  

f o r  conputing t h e  r e s i d u z l  fluxes of Sun's rati io emission. 
A =  3.2 cm and 

A r l O c m ,  s t r o n g  f l u c t u a t i o n s  of the flux, t a i n g  place simultaneously 
i n  both wavelengths, were revealed between contac ts  I . a n d  11. - These 
f l u c t u a t i o n s  had 2 c h a r a c t e r i s t i c  varia.tion time of the order  of 2- 4 min. 
The i r  amplitude d id  not  depend on e i t h e r  the  antenna dimensions or t he  

wavelength, and i t  droplped a t  the increase  of Sun's height ,  c o n s t i t u t i n g  

10 and 3 perc-.nt of the  t o t a l  Sun's r a d i o  emission f l u x  r e s p e c t i v e l y  

f o r  H = 3  and 6 O .  No f luc tua t ions  were observed when H exceeded 7'. 

2 1  Ju ly  1963 

----w/"Xs 

Fig. 1 

F l o t t e d  i n  Fig. 1 are the po r t ions  of f l u c t u a t i o n  r e g i s t r a t i o n  

i n  the  wavelengths of 3.2  and 10 cm. Observations a t  = 2 cm and A =4.5 ca .  

begun l a t e r ,  have shown t h a t  f l uc tua t ions  c o r r e l a t e  i n  a l l  wavelengths. 
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It should be noted t h a t  the r e g i s t r a t i o n s  of atmosphere's n a t u r a l  radia- 

t ion ,  conducted p r i o r  and af ter  e c l i p s e ,  j u s t  as i n  the course of a few 
fol lowing days, d id  not  r e v e a l  f l u c t u a t i o n s  of such charac te r ,  even f o r  
small B. 

Analogous phenomena were a l ready  noted i n  the work C33,when 
= 10 cm and 1 = 23 cm during synchronous f l u c t u a t i o n s  were observed in 

t he  solar e c l i p s e  of 2 October 1959 f o r  H 4 4O. 

RESULTS OF OBSERVATIONS 

The processing of the r e s u l t s  of e c l i p s e  observat ion allowed 

the  determinat ion of t h e  following q u a n t i t i e s :  a) t h e  moments of time 

of o p t i c a l  contac ts ,  B) t he  moments of time of rad iocontac ts ,  c )  t he  
r e s i d u a l  fluxes of concealed Sun's emission, d) c e r t a i n  c h a r a c t e r i s t i c s  
of the  r a d i o  emission source,  s i t u a t e d  i n  the  v i s i b l e  Sun's hemisphere. 

a>  Moments of Time of O p t i c a l  Contacts  

The second and t h i r d  moments of time of o p t i c a l  con tac t s  tlIo and 
t i ~ i o  

l i z e d  t imer  a s soc ia t ed  with ma in  s e r v i c e  chronometer, gave the  fol lowing 
r e s u l t s  : 

were determined visual ly .  Comparison of i n d i c a t i o n s  by the  then u t i -  

tL l0=  19h15"'06SS 5 0'1 I / .  T., 
tllI0= lUhl5"'44,~S f 052 U. T. 

b) Koments of Time o f  Radiocontacts 

'Yhe moments of time of the second and t h i r d  r ad iocon tac t s  ill, 

a c  till,, were determined d i r e c t l y  by t h e  r e g i s t r a t i o n  of r a d i o  emission 
f l u x  v a r i a t i o n  during ec l ip se .  The r e s u l t s  of such determinat ions are 

compiled i n  Table 4, 
r ad iocon tac t s  a r e  a l s o  included. The p r i n c i p a l  p a r t  of e r r o r s  of measure- 

ments is due t o  r e f i s t r a t i o n  l i n e  f l u c t u a t i o n s ,  caused by no i ses  from 

the devices. The inf luence of t e r r e s t r i a l  atmosphere upon these  measure- 

ments was p r a c t i c a l l y  n i l ,  s ince con tac t s  occurred a t  s u f f i c i e n t  he ights  

of the Sun, -8'. For c l a r i t y ,  the  portions 

where the t i n e  d i f f e rences  between o p t i c a l  and 

of r e g i s t r a t i o n s  near the 
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2,O 

3 2  
4,5 
10,o 

6 

191114m58s3‘- ~ 8 ~ 5  19” 15mj8f8t6s0 I4’@5 

19’’ 16”’2:8 f 4:5 18’ f 5’0 470 f 9:s 
8’5 & 5‘0 19” 16m5S5 f 6fO 20f7 f GSG 

- - 19”55m58f3f1270 13f5k 13BO 

-19” 15*2aS3 
19” 15m2F8 FbjO 
lgh 14m58F3 +475 , I  

con tac t s ,  and the  annotat ions of boundaries of the values  t placed 

i n  the  Tab le  4, a r e  p l o t t e d  i n  Fig. 2. The d i f f e rences  At, brought ou t  

i n  the  t a b l e ,  allow, f o r  a known r e l a t i v g  angular  motion v e l o c i t i e s  of 

the solar and lunar  d i sks ,  t o  f i n d  t he  Sun’s r ad io rad ius  - rp. I f  t he  
r e l a t i v e  motion ve loc i ty  is determined by w e l l  known values  of f and by 
the  time d i f f e rence  between the second a d  t h i r d  opt ical .  con tac t s -  A t o ,  
we s h a l l  have 

P 

where A is the co r rec t ion  due t o  d i s p o s i t i o n  of expedi t ion’s  observa t ion  
a rea  on the s i d e  from the  c e n t r a l  l i n e  of ec l ip se .  

A t  the  chosen method of determination of the  r e l a t i v e  angular velo- 
c i t y  and d is tance  from the c e n t r a l  line of / ~ 2 0 k m ,  

During conputations,  the  cor rec t ion  A w a s  not  taken i n t o  account. 
In the Case of t h e  eclipse under observat ion,  t h e  quan t i ty  t* 

A t ,  placed i n  Table 4. In the given case the  is not  equal  t o  the  value 

T A B L E  4 

I Contact I1 Contact I11 

r a d i u s  of t h e  Moon had an intermediate  value between t h e  o p t i c a l  and t h e  

r a d i o r a d i i  of the Sun ( rp>rc  >‘a). A t  such a co r re l a t ion ,  a6 is not d i f f i -  

c u l t  t o  ob ta in  from geonet r ic  construct ions,  t he  second rad iocontac t  was 

mate r i a l i zed  on the  W-Limb of the s o l a ?  disk ,  the second optical. contac t  
on the  E-edge, the  t h i r d  oTtica1 contac t  on the  W-edge and the  t h i r d  

rad iocontac t  on the  E-edge, and the re fo re ,  the quan t i ty  At:$ = A t + A t , ,  

where Af0=385 5 must be s u b s t i t u t e d  i n  the  formula for -%. ra 
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1 ,azo+ 0,005 
1,03 1 0,003 
1,033 f 0.004 
I ,026 & 0,008 

7 
I l l  II I I I 

1,026 -70 - - 55 .v 65 - 60 -60 
1,024 rf: 0,005 
1,026 0,003 - - 90 - 

13" 16 17m 18 * 

17 16 15 

Tig. 2 

The r z s u l t s  of corilpleted computations are compiled i n  Table 5 
hereafter.  

T A B L E  5 

c.11 

2,0 
3 2  
4,s 

10,o 

ao 

I 

Compiled in t h i s  t c b l e  also a s  the  vnlues of the central  angle 
a, formed by two r a d i i ,  drawn from the center of the solar disk t o  

in tersec t ion  points  of  solar and lunar disk edges (when the centers  of 

both d i s k s  do not. coincide) .  The radioradius' values, brought out, con- 
s t i t u t e  quantit ies ,  averaged by the arc of so lar  disk edge, equal t o  a :  
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(s - 7) (1 t 2) 
Ar * 

u 2 arc cos 
T + d  'P 

'0 '0 
-- 

For the sake of c l a r i t y ,  the  r e s u l t s  of determination of r 
P 

21 VlIlJLu are  shown i n  Fig. 3.  

dependence of the  rad ioradius ,  deter-  I '  ' :  I :3/ r, At ten t ion  is  drawn by the snal l  

1 I ;  
1,oy  1 

mined by the contac t  I1 and 111, on 

the  wavelength i n  the  e n t i r e  waveband 

u t i l i z e d ,  which cor robora tes  t he  

assumption of the ex is tence  of a 
reg ion  wi th  r = const.,  made i n  [4]. 

)c, tu 
I I I I 

0 1  'I 6 8 10 

Fig. 3 P 

c )  Residual  Emission Fluxes from the  
Concealed Sun 

The r e s u l t s  of measurement of t h e  r e s i d u s l  f l u x  of solar radio-  
* 

emission Lare conpiled i n  Table 6 ,  where both, t h e  found values  Fres 
d i r e c t l y  from the recordings,  a d  the  co r rec t ed  valuez Fre,, by way of 
accounting the  absorption, the  n a t u r z l  rad iLi t ion  of the t e r r e s t r i a l  
atmosphere, the  Moon*s raCio emission equal  t o  1.4%, and I$ of emission 
of the open Sun, r e spec t ive ly  in = 3.2 cm, 4.5 cm. The e f f e c t i v e  t e m -  
pera tu re  of Noon's emission was borrowed from [5]. For the computation 
of the absolute  value of r e s i d u a l  f luxes ,  we u t i l i z e d  t h e  r e s u l t s  of 

r o u t i n e  observat ions of Sun's rad io  emission i n  A =  3.2 cm and 1 ~ 7 . 5 c m  
C61. 

T A B L E  6 

4-5 I 

4A3 I 

*, C Y  I 3,? 

F e s  
F,,, 1025w/m2cps 1 

10 6 

10,7 8,s 
1 5,3 

F:es I 
._ -__- 

The above values of corrected r e s i d u a l  f l uxes  Fres a r e  b e s e t  

wi th  s i g n i f i c a n t  e r r o r s  because of strong in f luence  of atmosphere r a d i o  
emission d u r i r q  the t o t a l  phase. 
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3,2 
4,5 

10.0 

9. 

- - < 1,5 c 3,4 
2Oh06"'2iS rt 10' 20h08m85s f 7' 3,0+4,5 4,8+7,2 
20"06m53s f 7' - 2,0+3,0 1,1+23 

d )  C h a r a c t e r i s t i c s  of Radio Zmission Source 

During observat ions in 4,  5 and 10cm waves,we r e g i s t e r e d  the 
emission of an opening local source on the Sun corresponding t o  sunspot 

group No.76 (see  above). The radioastronomical data of t h a t  source 
observat ion (contac t  times and values of the r a d i a t i o n  f l u x  F 1, found 
from the  obtained recordings,  a r e  compiled i n  Table 7 h e r e a f t e r :  

T A B L E  7 

A. C Y  F,,, ?; 

It mzy be seen from the t z b l e ,  t h a t  t he  contac t  w i t h  t h e  source 
is observed a t  s h o r t e r  wavelengths than before,  rather than on longer 
ones, even tak ing  i n t o  account the poss ib le  e r r o r  i n  the determination 

of t imes of these contacts .  
Introducing t h e  assumption t h a t  t he  e f f e c t i v e  emission c e n t e r s  

i n  both wavelengths are on a unique r ad ius  (drawn from the  cen te r  of the 

Sun), i t  is poss ib le  t o  estimate the  d i f fe rence  i n  height  of the effect- 
i v e  emission cen te r s  Ah by the  s h i f t ,  re fe r red- to  above, and the  known 
r e l a t i v e  v e l o d t y  of lunar  d i s k ' s  edge. This d i f f e rence  w a s  found t o  be 
wi th in  the  l i m i t s  from 7000 t o  20000 km. 

The s i z e  of the source and the  d i r e c t i o n  of motion of lunar disk 's  

edge w a s  1.5'2 0.3', sccorrXng t o  measurements in t h e  4.5 c m  wavelength. 
The absolu te  va lues  of s o u r c e f s  emission fluxes, cocipiled in the 

t a b l e ,  were obtained by u t i l i z i n g  t h e  rou t ine  observat ions of the  Toyokawa 

station, r e fe r r ed - to  above. It is  not  
trum of the  source has  a m a x i m u m ,  f o r  the excess  i n  flux va lues  at  
cm over those at = 3.2 cm and 1 = 10 cm, is, a p r i o r i ,  beyond t h e  

l i m i t s  o f  measurement e r rors .  

d i f f i c u l t  t o  no t i ce  t ha t  t he  spec- 

= 4.5 
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10. 

I n  connection with t h i s , i t  is i n t e r e s t i n g  t o  b r ing  f o r t h  the  

r e s u l t s  of measurements obtained f o r  the same source on rad io te lescopes  

with B grea t  angular r s s o l u t i o n * :  

- 2,4*10-22 - ) -.t A =  7.5 cm (Toyokawa, Japan) ; 
d c p  

These r e s u l t s  cnrro50rc6te the  above conclusion of t he  presence 

of a maximum i n  the emission spectrum of t he  nource observed during the  

e c l i p s e  . 
C O  N C  L U S  I O N  S 

The above r e s u l t s  of preliminary processing of mate r i a l s  obtained 

during the  observat ions of the solar e c l i p s e  of 2 1  Ju ly  1963, allow 
t he  following conclusions:  

1. -The Sun’s radiodiameter, determined by contac ts  I1 and I11 
in t he  wavelength range from A = 2 t o  A= 10 cm, depended l i t t l e  on 
wavelength. 

2.- The spectrum of the r a d i o  emission source, found above a 
s m a l l  sunspot group, had a maximum i n  the  reg ion  between 3: 3.2 cm 
and A = 10cm. 

I n  conclusion, the authors express  t h e i r  s ince re  g ra t i t ude  t o  
A. A. Zorin, I. I . Tkachenko, E. F. Puzin, who helped t o  prepare the  
expedi t ion of the  radioastronomical group t o  Simushir Island. 

* These d a t a  have been kindly communicated by N.G. Petrova (MAO), 
T.T. Kdkinuma (Toyokawa) and R. Bracewell (Stanford) ,  t o  whom the  
authors  express  t h e i r  g ra t i tude .  
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